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Asaia can be environmentally acquired at all life stages but can also have the potential to be vertically 284 and horizontally transmitted between individual mosquitoes. Therefore, we performed 16S 285 microbiome analysis on a sub-sample of Asaia-infected An. gambiae s.s. from Kissidougou (Guinea), 286 a location in which high levels of Asaia were detected by qPCR (mean Asaia Ct = 17.84 +/-2.27).
287
Asaia in these individuals is the dominant bacterial species present (Figure 7a ) but in Uganda we 288 detected much lower levels of Asaia (qPCR mean Ct = 33.33 +/-0.19) and this was reflected in Asaia 289 not being a dominant species (Figure 7b) . The alpha and beta diversity of An. gambiae s.s. from
290
Kissidougou, Guinea and Butemba, Uganda shows much more overall diversity in the microbiome for 291 Uganda individuals (supplementary figure S1). Interestingly, 2/5 of these individuals from 
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predominantly on species from these complexes, likely due to the fact that mosquitoes from these 318 complexes dominate the collections [43] . In our study, we used ITS2 sequencing to confirm 319 secondary vector species that were P. falciparum-infected given the difficulties of morphological 320 identification and recent studies demonstrating the inaccuracy of diagnostic species PCR-based 321 molecular identification [52] . Our study is the first to report the detection of P. falciparum in An. 
329
The mosquito microbiota can modulate the mosquito immune response and bacteria present in wild
330
Anopheles populations can influence malaria vector competence [4, 5] . Endosymbiotic Wolbachia 331 bacteria are particularly widespread through insect populations but they were commonly thought to be 332 9 absent from Anopheles mosquitoes. However, the recent discovery of Wolbachia strains in the An. 333 gambiae s.l. complex in Burkina Faso and Mali [39, 40] 
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Intriguingly, Wolbachia infections in these mosquitoes could not be detected using conventional PCR 338 targeting the wsp gene. As the wsp gene has often been used in previous studies to detect strains in 339 Anopheles species [25, 27] 
353
[39] but much lower than those reported in Mali (60-80%) [40] where infection was associated with 354 reduced prevalence and intensity of sporozoite infection in field-collected females.
356
The discovery of a resident Wolbachia strain in An. moucheti, a highly anthropophilic and efficient 357 malaria vector found in the forested areas of western and central Africa [41] , suggests further studies 358 are warranted that utilize large sample sizes to examine the influence of the wAnM Wolbachia strain 359 on Plasmodium infection dynamics in this malaria vector. An. moucheti is often the most abundant 360 vector, breeding in slow moving streams and rivers, contributing to year round malaria transmission in 361 these regions [57, 58] . This species has also been implicated as a main bridge vector species in the 362 transmission of ape Plasmodium malaria in Gabon [59] . There is thought to be high genetic diversity 363 in An. moucheti populations [60,61] which may either influence the prevalence of Wolbachia resident 364 strains or Wolbachia could be contributing to genetic diversity through its effect on host reproduction.
365
A novel Wolbachia strain in An. species 'A', present at high infection frequencies in Lwiro (close to 
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The variability of Wolbachia prevalence rates in An. gambiae s.l. complex from locations within DRC 373 and Ghana and previous studies in Burkina Faso [39] and Mali [40] suggest the environment is one 374 factor that influences the presence or absence of resident strains. In our study we found no evidence 375 of Wolbachia-Asaia co-infections across all countries, supporting laboratory studies that have shown 376 these two bacterial endosymbionts demonstrate competitive exclusion in Anopheles species [36, 38] .
377
We also found that Asaia infection densities (whole body mosquitoes) were variable and location 378 dependent which would correlate with this bacterium being environmentally acquired at all life stages, 379 but also having the potential for both vertical and horizontal transmission [37] . Significant variations in 
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Wolbachia has been the focus of recent biocontrol strategies in which Wolbachia strains transferred 411 into naïve mosquito species provide strong inhibitory effects on arboviruses [19, 20, [67] [68] [69] [70] and 412 malaria parasites [31, 35] . The discovery of two novel Wolbachia strains in Anopheles mosquitoes, potentially present at much higher density than resident strains in the An. gambiae s.l. complex, also 414 suggests the potential for these strains to be transinfected into other Anopheles species to produce 415 inhibitory effects on Plasmodium parasites. Wolbachia transinfection success is partly attributed to 416 the relatedness of donor and recipient host so the transfer of high density Wolbachia strains between 417 Anopheles species may result in stable infections (or co-infections) that have strong inhibitory effects 
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